Handheld dynamometry (HHD) is considered an objective method of measuring strength, but the reliability of the procedure can be compromised by inadequate tester strength and insufficient stabilization of the dynamometer especially, for the scapular muscles. Objective: Primarily, to determine the intrarater reliability of HHD when testing shoulder and scapular muscle strength, and secondarily, to report reliability when corrected for body-mass index (BMI). Design: Technical report. Setting: University physiotherapy department. Participants: 57 adults (17 men, 40 women; mean age = 35.05 ± 13.5 y), both healthy individuals and patients with shoulder impingement. Intervention: HHD. Main Outcome Variables: Muscle strength of the upper, middle, and lower trapezius; anterior deltoid; serratus anterior; supraspinatus; and latissimus dorsi determined by HHD. Each muscle was assessed 3 times, and the mean value was calculated. The subjects were divided into 3 groups according to BMI. Group 1: BMI ≤ 20 kg/m 2 (n = 22); Group 2: BMI ≤ 24.9 kg/ m 2 (n = 54); and Group 3: BMI ≤ 29.9 kg/m 2 (n = 38). Results: Correlations were calculated for each pair of strength scores. Intraclass correlation coefficients (ICCs) ranged from .77 to .99 in healthy subjects and from .75 to .99 in patients, for all muscle groups except the upper trapezius (P < .05). Reliability values ranged from good to high in healthy subjects but were less consistent for the upper trapezius (ICC .45-.65). The relationship with BMI and muscle strength illustrates that as BMI increases, there is a decrease in reliability values of the lower trapezius (ICC = .35-.65). Conclusion: The study demonstrates that evaluating the strength of scapular and shoulder muscles using HHD presents reliable results for both patients with impingement syndrome and healthy subjects. Reliability values were compressed when testing the trapezius in subjects with higher BMI. This is likely a result of the examiner's difficulty in overcoming the patients with this maneuver.
Assessing muscle performance is important to understand voluntary muscle function when determining the severity of an injury. Numerous methods used to measure muscle strength include manual muscle testing (MMT), handheld dynamometry (HHD), and isokinetic dynamometers. MMT is one of the most frequently used methods; however, it is difficult to assess small changes in muscle strength and present objective data using this method. 1, 2 HHD is a more objective evaluation method and is far superior to MMT when evaluating changes in muscle strength caused by injury. 3, 4 Although HHD devices have a number of advantages, they are not without limitations. Results are prone to error that arises from the strength of the person applying the test, the test position, and the stabilization of the test subject. 5, 6 Previous studies have reported consistency of administering treatment techniques as commonly described in textbooks. 7 HHD reliability might depend on the relationship between the tester's strength and the body-mass index (BMI) of the tested subject. We think that subjects' BMI can influence the reliability of the testing procedure, and we were interested to know whether it would influence the results of a previously described technique. 8 We were interested in determining intratester strength based on a previous electromyographic model. Michener et al 8 described a methodology using electromyography that highlighted several positions to maximize muscle activity during shoulder movements.
The purposes of this study were twofold: first, to determine the intrarater reliability of assessing muscle strength of the shoulder and scapular muscles in both healthy subjects and patients with impingement syndrome, and second, to compare the reliability values by BMI.
Methods Subjects
Fifty-seven subjects (17 men, 40 women; average age 35.05 ± 13.5 y)-35 healthy subjects (15 men, 20 women; average age 31.7 ± 12.1 y) and 22 patients (2 men, 20 women; average age 49.05 ± 9.4 y)-were included in this study at the university's physiotherapy department. The healthy subjects had no signs of musculoskeletal disorders in the neck, shoulder, or upper thoracic spine, and the subjects in the patient sample had a positive impingement test. In addition, patients had a passive range of motion limited by 30% compared with the contralateral side. X-ray and magnetic resonance imaging were used to confirm that there were no deformities such as degenerative arthritis or mezoacromion and that no rotator-cuff tears were present.
Patients were excluded if they reported a history of adhesive capsulitis, disorders of the acromioclavicular joint, degenerative arthritis of the glenohumeral joint, calcifying tendinitis, shoulder instability, posttraumatic disorders, shoulder surgery, or elbow, hand, wrist, or cervical-spine disorders.
Muscle-Strength Measurement
Strength of the upper, middle, and lower trapezius; anterior deltoid; serratus anterior; supraspinatus; and latissimus dorsi were examined bilaterally with HHD using a Nicholas manual muscle tester (Model 01160, Lafayette Instrument Co., Lafayette, IN) both in patients with a positive impingement sign and in a healthy cohort. The dynamometer measures muscle strength from 0.0 up to 199.9 kg, with a precision of ±0.1 kg. In published literature, many studies have described EMG activities during different shoulder exercises. [9] [10] [11] [12] We chose patient positioning as outlined in the article by Michener et al 8 because their findings provided evidence of patient positioning to maximize muscle activity. Three measurements were performed for each muscle group, with a 30-second rest between measures, and the mean value was calculated.
So that we could target the upper trapezius muscle, the patient was seated and the dynamometer was placed over the superior scapula. The patient was then asked to elevate the shoulder against resistance. For the middle trapezius the patient was placed in a prone position at 90° glenohumeral abduction and the elbow in 90° flexion. For the lower trapezius the arm was positioned in 140° glenohumeral flexion. In this position, the dynamometer was placed on the midline of the scapula, between the acromion process and the spinal root. Resistance was applied laterally for the middle trapezius and laterosuperiorly for the lower trapezius. The supraspinatus and anterior deltoid were assessed while the patient was in a seated position. The subject elevated the arm halfway between flexion and abduction (30° anterior to the coronal plane) for supraspinatus and 90° flexion for the anterior deltoid. Resistance was applied just superior to the elbow. The serratus anterior (lower fibers) was tested in a supine position with the elbow and shoulder in 90° flexion. Resistance was applied over the ulna along the humeral axis. To target the latissimus dorsi muscle, the elbow was placed in 90° flexion and the shoulder in 30° extension.
Resistance was applied through the posterior aspect of the upper arm, just superior to the elbow. We attempted to isolate each muscle group using previously described methods documenting maximum EMG activity. 8 The study design included 3 groups according to BMI: Group 1 ≤ 20 kg/m 2 (n = 22), group 2 ≤ 24.9 kg/m 2 (n = 54), and group 3 ≤ 29.9 kg/m 2 (n = 38). The tester's BMI was 18.5 kg/m 2 . Participants read and signed an informed-consent form that was approved by the ethical committee (IRB study protocol: MAR-YÇ-2007-0264) of Marmara University, Institute of Health Sciences, before the commencement of the study.
Statistical Analysis
The chi-square test was used to compare frequencies and percentages between groups. In order to calculate ICCs (2,1) a repeated-measures ANOVA was computed to compare reliability between tests and between BMIs. A one-way ANOVA was used to compare differences between tests when compared by BMI. The post hoc "Tamhane" test was used in pairwise comparisons of the strength scores. The total sample of 60 subjects achieved 87% power to detect a nonzero contrast of the means versus the alternative, where the contrast is zero, using an F test with a significance level of . 05. Table 1 illustrates the subjects' physical characteristics. Tables 2 and 3 illustrate the mean strength of the 7 muscles and test-retest reliability, respectively. Mean strength was decreased when the first and third tests were compared for all muscles, except for the middle trapezius in healthy subjects and the anterior deltoid in patients.
Results
ICC values ranged from .77 to .99 for all the muscles tested except the upper trapezius ( Table 2 ). All ICCs were significant (P < .05) and demonstrative of good to excellent reliability, except the upper trapezius in healthy subjects, for which values were much less and ranged from .45 to .60. Table 4 shows the relationship between BMI and muscle strength in healthy subjects, and Table  5 shows the mean muscle-strength values according to the 3 BMI groups. *P = .031. **P = .024. ***P = .01. ****P = .004. 
Discussion
Our results indicate that intrarater reliability of strength measurement of the shoulder and scapular muscles (using HHD) has good to excellent reliability in healthy subjects, as well as in patients with impingement. Reliability was highest for the supraspinatus and lowest for the upper trapezius in uninvolved shoulders and the highest for upper trapezius and the lowest for serratus anterior in involved shoulders (Table 2) . Reliability was assessed based on BMI to determine how the strength of the person applying the test (tester or rater) might affect the reliability of the measure. It can be seen in Table 4 that the reliability in the upper trapezius, which generates the most strength, decreased as the BMI of the test subjects increased. For example, in subjects with a BMI of 24.9 kg/m 2 and above, the HHD reliability (ICC = .45-.65) for the upper trapezius (mean strength values α 199 N/kg 2 ) was lower than for subjects with a BMI of 20 kg/m 2 and below. In contrast, the lowest mean muscle strength was in the lower and middle trapezius (mean strength values were below 143 N/kg 2 ); in this case, reliability values were better, likely as a result of the influence of the BMI of the patient compared with that of the tester (Table 5) .
Several studies have reported the reliability of HHD when assessing muscle strength of the upper extremity; however, they often highlight the fact that reliability decreases because the individual applying the test is unable to stabilize the patient. 2 Lu et al 7, 13 demonstrated adequate stabilization of the HDD when evaluating the knee flexors and extensors and obtained reliable results. In our study, the stability issue of the upper trapezius was a confounding factor when we considered the BMI of the tester compared with that of the patients who were tested. The tester's BMI was 18.5 kg/m 2 . Byl et al 14 stated that the examiner's muscle strength affects the intrarater reliability of muscle strength measured by HHD. Insufficient examiner strength can cause poor intrarater reliability with the HHD. In this study, we found that subjects with higher BMI had greater muscle strength, and in these patients reliability was compromised. This indicates that the higher subject BMI and lower tester strength can negatively affect reliability. Another important issue is the number of times the HDD application should be repeated in 1 session. There are various applications reported in the literature; some studies accept the highest value obtained, while others calculate the mean of values obtained from repeated tests. 15, 16 We think that average strength scores showed a better correlation with motor performance than maximal strength scores. This was confirmed by Morris et al, 17 who reported that no more than 3 tests should be carried out. When evaluating the reliability between tests we discovered that they were very similar, especially for patients. This led us to believe that repeating the test a third time may be unnecessary. While assessing the results obtained from the third test, we observed that mean muscle strength was lower than those obtained from the first and second tests. This situation can be interpreted as muscle fatigue or a decrease in motivation of the patients and the healthy subjects. For this reason, we think that reliable results can be obtained when the test is repeated fewer times, while reducing errors to a minimum.
Conclusion
Our study demonstrated that evaluating strength of the scapular and shoulder muscles using HDD provides reliable results for both patients with impingement syndrome and healthy subjects. HDD is accepted as a cheap, portable, user-friendly, and reliable method for evaluating strength of the scapular and shoulder muscles. It is important that a subject's BMI be considered when evaluating the shoulder muscles, especially for the upper trapezius, for which consistency of measurement may be affected by the size and strength of the individual.
